We present high signal-to-noise, moderate-resolution spectroscopy of 48 early-type members of the rich cluster Abell 2218 at z ¼ 0:18, taken with the LDSS2 spectrograph on the 4.2-m William Herschel Telescope. This sample both is larger and spans a wider galaxy luminosity range, down to M * B 1 1, than previous studies. In addition to the relatively large size of the sample, we have detailed morphological information from archival Hubble Space Telescope imaging for 20 of the galaxies. We combine the morphological, photometric, kinematic and line-strength information to compare A2218 with similar samples drawn from local clusters and to identify evolutionary changes between the samples which have occurred over the last <3 Gyr. The overall picture is one of little or no evolution in nearly all of the galaxy parameters. Zero-point offsets in the Faber -Jackson, Mg b -s and Fundamental Plane relations are all consistent with passively evolving stellar populations. The slopes of these relations have not changed significantly in the 3 Gyr between A2218 and today. We do however find a significant spread in the estimated luminosity-weighted ages of the stellar populations in the galaxies, based on line diagnostic diagrams. This age spread is seen in both the discy early-type galaxies (S0) and also the ellipticals. We observe both ellipticals with a strong contribution from a young stellar population and lenticulars dominated by old stellar populations. On average, we find no evidence for systematic differences between the populations of ellipticals and lenticulars. In both cases there appears to be little evidence for differences between the stellar populations of the two samples. This points to a common formation epoch for the bulk of the stars in most of the early-type galaxies in A2218. This result can be reconciled with the claims of rapid morphological evolution in distant clusters if the suggested transformation from spirals to lenticulars does not involve significant new star formation.
I N T R O D U C T I O N
The application of local galaxy scaling relations to the galaxy populations in distant clusters is widely regarded as one of the most powerful routes to understanding their formation and development. The main scaling relations which have been employed are the Faber -Jackson relation (FJR, luminosity-velocity dispersion; Faber & Jackson 1976) , the Kormendy relation (KR, surface brightness-effective radius; Kormendy 1977), the Fundamental Plane (FP, combining surface brightness, effective radius and velocity dispersion; Dressler et al. 1987; Djorgovski & Davis 1987; Bender, Burnstein & Faber 1992 ) and the Mg -velocity dispersion relation (Mg -s; Bender, Burnstein & Faber 1993; Colless et al. 1999 ). These four relationships test different aspects of the luminosity and mass evolution of cluster galaxies and are predominantly applicable to the early-type galaxies that dominate the cores of rich clusters both locally and at high redshifts.
Two of these relations rely on accurate photometric and structural information for the galaxies, and as result there has been significant work employing WFPC2 on board the Hubble Space Telescope (HST ) to study the photometric evolution of morphologically classified elliptical galaxies in distant clusters using the KR (Barrientos, Schade & López-Cruz 1996; Schade et al. 1996; Schade, Barrientos & López-Cruz 1997; Fasano et al. 1998; Barger et al. 1998; Ziegler et al. 1999) . These studies suggest mild evolution in luminosity and size for ellipticals in rich clusters, †Present address: Universitätssternwarte, Geismarlandstr. 11, 37083 Göttingen, Germany.
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consistent with passive evolution. Other groups assume 'a priori' a degree of luminosity evolution based upon stellar population models and then attempt to use the observed KR evolution to constrain cosmological models (Pahre, Djorgovski & de Carvlho 1996; Moles et al. 1998) . Unfortunately, as was pointed out by Ziegler et al. (1999) , the statistical and systematic errors in the measurement and transformation of HST magnitudes are too large to give unambiguous results for cosmological parameters. More detailed information comes from studies investigating the evolution of the FJR and FP which supplement the photometry (both HST and ground-based) with moderate-resolution spectroscopy, capable of resolving velocity dispersions down to <100 km s
21
. Results have so far been published on the clusters A2218 ðz ¼ 0:17Þ and A665 ðz ¼ 0:18Þ by Jørgensen et al. (1999) ; MS 1358162 ðz ¼ 0:33Þ and MS 2053-04 ðz ¼ 0:58Þ by Kelson et al. (1997) ; A 370, MS 1512136 and Cl 0949144 all at z ¼ 0:37 by Bender, Ziegler & Bruzual (1996) , Ziegler & Bender (1997) and Bender et al. (1998) ; Cl 0024116 ðz ¼ 0:39Þ by van Dokkum & Franx (1996) , and MS 1054-03 ðz ¼ 0:83Þ by van Dokkum et al. (1998b) . In particular, the study of Kelson et al. (2000) exploited a mosaic of HST images and Keck spectroscopy, to construct the FP for 30 luminous elliptical (E) and lenticular (S0) galaxies in Cl 1358162. The shape of the FP is very similar to that of the local Coma cluster and the offset between them can be explained by a mild evolution in luminosity. Unfortunately, the line strengths could not be explored because the widely used Mg b index falls into a strong telluric band at the cluster redshift. The combined data from all these studies strongly favour passive evolution of the stellar populations of early-type cluster galaxies, both in surface brightness and mass-to-light ratio, and a high redshift of formation, z . 2. Further support for a high-formation epoch for the stellar populations in early-type cluster galaxies comes from the modest evolution in the Mg b absorption at a constant velocity dispersion in galaxies out to z ¼ 0:37 (Ziegler & Bender 1997) .
The relatively modest evolution claimed for the early-type population in clusters is in strong contrast to the evolution seen in the morphological mix in these environments. In particular, the origin of the well-studied 'Butcher -Oemler' effect (Butcher & Oemler 1984 ) in a population of star-forming cluster galaxies with spiral morphologies is now well established (Couch et al. 1994 (Couch et al. , 1998 . More recently there have been claims of morphological evolution in some classes of early-type galaxies in rich clusters. HST images have revealed an increasing paucity of S0 galaxies with redshift . While S0s form the dominant luminous galaxy population in local rich clusters, Dressler et al. (1997) found that only 10-20 per cent of bright cluster galaxies are S0s in rich clusters at z < 0:5. They suggested that this strong increase to the present day resulted from the gradual transformation of spiral galaxies, accreted from the surrounding field, into S0s (Poggianti et al. 1999) . If this transformation is relatively rapid, i.e. ,2-3 Gyr, then some proportion of the S0 population may show signatures of this past star formation activity in terms of young stellar populations and blue colours. However, lowresolution spectroscopic surveys have typically failed to find large populations of bright, blue S0s (Couch et al. 1998) . Moreover, the S0 population as a whole ought to show a wider dispersion in age than the cluster ellipticals. However, photometric analysis of morphologically-classified samples of ellipticals and S0s in distant clusters shows them to be almost identical in their 4000-Å break colours , and hence by implication their ages. Unfortunately, the degeneracy between age and metallicity in most observables based on integrated spectra (e.g. broad-band optical photometry) make these hypotheses difficult to test conclusively (Worthey 1994) .
To break the age -metallicity degeneracy, a number of groups have tried to identify absorption lines which are predominantly sensitive to age, e.g. Balmer lines, or which depend strongly on metallicity, mostly combinations of metal lines, (Jones & Worthey 1995; Casuso et al. 1996; Worthey & Ottaviani 1997; Vazdekis & Arimoto 1999) . Good progress has been made and we can now construct line diagnostic diagrams in which the age -metallicity degeneracy is nearly broken (Kuntschner & Davies 1998; Jørgensen 1999) . Recent analysis based on such line indices for the composite S0 populations in distant clusters have indicated that the stellar populations in luminous lenticular and elliptical cluster galaxies at z ¼ 0:31 have very similar luminosity-weighted mean ages (Jones, Smail & Couch 2000) . This suggests that a model with a rapid transformation, from star-forming spiral to passive S0, is unlikely to be correct and a more gradual mechanism may be required (Poggianti et al. 1999; .
Another approach to breaking the age -metallicity degeneracy is to use a combination of optical and optical -infrared photometry (Aaronson 1978) . This approach has been used very recently by Smail et al. (2001) to study the luminosity-weighted ages of earlytype galaxies spanning a very wide range in luminosity in A2218. This analysis suggests that while the most luminous ellipticals and S0s have very similar luminosity-weighted ages, the less luminous S0s may exhibit a much wider range of ages. Likewise, an intensive spectroscopic analysis of individual galaxies in the local Fornax poor cluster by Kuntscher (2000) has found that some of the lower luminosity S0 galaxies have extended star formation histories, compared to the more luminous ellipticals and S0s.
In the light of the discussion above, it is clearly important to apply the detailed spectroscopic techniques to individual galaxies spanning as wide a range in luminosity as possible in distant clusters, to study their line strengths and kinematics. However, this is very difficult and most of the previous spectroscopic studies have targeted only a modest number of typically the more luminous (and hence massive) galaxies in each cluster. We have therefore undertaken a programme to obtain high-quality spectra of a large number of early-type galaxies (of the order of 50) across a wide range of luminosity in two rich clusters; A2218 and A2390. Both clusters have been imaged by HST, providing accurate structural parameters. At z ¼ 0:18 and z ¼ 0:23 respectively, the cluster galaxies are bright enough to observe even sub-L* systems with 4-m class telescopes, while still representing a look-back time of around a quarter of the age of the Universe, adequate to address evolutionary questions. Both clusters are very rich systems and may well serve in the future as more suitable benchmarks for the comparison to very rich, high-redshift clusters ðz < 1Þ than Coma. Moreover, comparisons between A2218 and A2390 and more distant systems also have the advantage that aperture corrections are less important than for comparisons based on Coma.
In this paper, we present the study of galaxies in A2218. In Section 2, the observations and the data reduction are described. Galaxy scaling relations and line diagnostic diagrams are examined in Section 3, and in Section 4 we discuss our results and give our conclusions in Section 5. The paper ends with comprehensive Appendices listing all our observational data.
Throughout the paper we adopt the following values for the cosmological parameters: H 0 ¼ 60 km s 21 Mpc 21 , q 0 ¼ 0:1 and L ¼ 0. This results in a distance modulus of dm ¼ 35:42 mag for the nearby Coma comparison cluster ðz ¼ 0:024Þ, and dm ¼ 40:0 mag for A2218 ðz ¼ 0:175Þ, a scale of 3.51 kpc arcsec 21 and a look-back time of 2.6 Gyr. (Kneib et al. 1996) . Most interestingly, the lensing map identifies two mass concentrations within the core of the cluster and led to the suggestion that it is suffering (or has just suffered) a corepenetrating merger.
O B S E RVAT I O N S A N D DATA R E D U C T I O N
A2218 has previously been observed in a Fundamental Plane study by Jørgensen et al. (1999, hereafter JFHD) . They targeted a sample of 11 early-type galaxies that were photometrically selected from relatively shallow ground-based imaging. Their main conclusion was that both the evolution in luminosity, as well as in mass-to-light ratio, is modest and in agreement with passive stellar population models (e.g. Bruzual & Charlot 1993) .
Our study of the early-type galaxy population in A2218 is based upon optical photometry from the 5.1-m Hale telescope at Palomar Observatory and multi-object spectroscopy using LDSS2 at the 4.2-m William Herschel Telescope (WHT) on La Palma. In addition, we have exploited WFPC2 images taken with the HST to provide high-quality morphological information for a subset of our sample. We next discuss the properties of these various data sets.
Hale/COSMIC imaging
The ground-based UBVI imaging of a 9:7 Â 9:7 arcmin 2 region centred on A2218 (Fig. A1 ) used for our initial target selection was obtained with the COSMIC imaging spectrograph on the 5.1-m Hale telescope at Palomar during 1994 June and 1995 June. A thick 2048 2 TEK CCD (pixel scale 0.286 arcsec pixel 21 ) was used and individual exposures of ,500-1000 s were taken using in-field dithering (on a grid with ,30-arcsec spacing). The frames were reduced in a standard manner with IRAF 1 using twilight flat-fields to initially flat-field the frames before masking the brighter objects and stacking the data frames to create master flat-fields in each filter. The data were then flat-fielded using these master frames, aligned and co-added using a cosmic ray rejection algorithm. The total exposure times are 2.5 ks in U, 16.5 ks in B, 5.8 ks in V and 21.7 ks in I, and the seeing measured on the final frames was 1.20, 1.25, 2.05 and 0.95 arcsec full width at half-maximum (FWHM) for UBVI respectively. The frames were calibrated onto the Johnson/Cousins system of Landolt (1992) and corrected for reddening calculated from the COBE dust maps (Schlegel, Finkbeiner & Davis 1998 (Bertin & Arnouts 1996) to create a catalogue of galaxies detected in our deep I-band frame. We adopted a minimum area after convolution with a 0.86-arcsec FWHM top-hat filter of 0.82 arcsec 2 above the m I ¼ 24:6 mag arcsec 22 isophote. The galaxy catalogue created in this way includes positions, total magnitudes (MAG_BEST from SEXTRACTOR) and crude morphological information on ,2800 stars and galaxies within the I-band frame. To calculate colours for these galaxies we measured aperture magnitudes within 4.0-arcmin (14 kpc) diameter apertures on the seeing-matched UBVI frames, and used these to construct ðU 2 BÞ, ðB 2 VÞ and ðB 2 IÞ colours for the galaxies. In the Appendix we list the observed colours and coordinates for the galaxies that we obtained spectra for (Table  A1 ). The galaxy identifications are plotted on the full-field in Fig.  A1 and thumbnail images of the 48 galaxies are given in Fig. A2 .
For the Faber-Jackson relation we translate our observed I-band magnitudes into absolute Gunn r mag, r abs , following the description of JFHD. The transformation of I into restframe r rest can be calculated with:
Subtracting the distance modulus for A2218 from r rest yields r abs .
We use the extinction-corrected total I-band magnitudes (I tot ) and aperture ðV 2 IÞ colours in this calculation.
HST/WFPC2 imaging
In addition to the deep multicolour ground-based imaging, morphological information is also available for a subset of the galaxies in our sample. This comes from an HST image of A2218 taken with the WFPC2 camera on 1994 September 2. The total exposure time was 6.5 ks in the F702W filter (R 702 ) and the final frame covers a field of roughly 2:5 Â 2:5 arcmin 2 at ,0.15-arcsec resolution in the core of the cluster. These data were reduced and analysed by Kneib et al. (1996) and more details can be found in that work.
The WFPC2 image has a 1s surface brightness limit of m R < 30 mag pixel 22 , which is more than adequate to provide high-quality morphological information on the brighter cluster members. Thumbnail images of the 19 galaxies (disregarding the cD) for which we have spectra are shown in Fig. B1 and we indicate the position of the HST field on Fig. A1 . The brighter galaxies in the HST field ðR 702 , 22:5Þ have been visually classified by Professor W. Couch onto the revised Hubble scheme used by the MORPHS project (see Smail et al. 2001 ).
Determination of structural parameters
To measure the structural parameters of the spectroscopicallyobserved early-type galaxies lying within the HST image (plus the cD galaxy) we extracted subframes of all 19 galaxies using MIDAS 2 and analysed each galaxy using the profile fitting method developed by Saglia et al. (1997a,b) . We briefly summarize this technique here: after masking stars and artifacts from around the galaxy, the circularly averaged surface brightness profile of the galaxy was fitted with PSF-convolved r 1/4 and exponential components (both simultaneously and separately). The PSF was generated using the TINYTIM software package (Krist & Hook 1997 simulations, taking into account sky-subtraction corrections, signal-to-noise ratio (S/N), the radial extent of the profiles and the x 2 quality of the fit. In this way, we were able to derive the effective radius (r e in arcsec), the total F702W-band magnitude (R 702 ) and the mean surface brightness within r e (km e l) for the entire galaxy as well as the luminosity and scale of the bulge (m b and r e,b ) and disc (m d and h ) component separately, within the limitations described by Saglia et al. (1997a) . We estimate the average error in R 702 and r e to be 0.015 mag and 25 per cent respectively. The structural parameters for all the galaxies can be found in Table B1 of the Appendix.
We also performed an isophote analysis based on the procedure introduced by Bender & Möllenhoff (1987) . Deviations from the elliptical isophotes were recorded as a function of radius by a Fourier decomposition algorithm. The presence and strength of the a4 coefficient (taken as a signature of disc-like nature) is in good agreement with the visually determined morphological class of S0 and early-type spirals.
Rest-frame surface brightness profiles
In order to determine the rest-frame properties of the galaxies, we perform the transformation of the HST magnitudes to the restframe Gunn r rest as described by JFHD. We summarize here the transformations introduced by JFHD. According to Holtzmann et al. (1995) , the instrumental magnitude in the F702W filter is R 702 ¼ 22:5 logðDNÞ/t exp 1 ZP 1 2:5 logðGRÞ ð 2Þ
with GR being the respective gain ratios for the WF chips and ZP the zero-point for an exposure time t exp ¼ 1 s. ZP ¼ 21:670 with consideration of the difference between 'short' and 'long' exposures of 0.05 mag (Hill et al. 1998 ) and an aperture correction of 0.109 (Holtzman et al. 1995) . This is transformed into Cousins I using the equations
and ðV 2 R c Þ ¼ 0:52ðV 2 IÞ; ð4Þ which yields:
The ðV 2 IÞ colour was taken from our ground-based aperture photometry, see Table A1 . The 4-arcsec photometric aperture yields an equivalent area for the distant galaxies to the area used in the Coma photometry. Finally, the calibration to the rest-frame Gunn r rest is achieved using equation (1). As the observed F702W passband is close to the rest-frame Gunn r rest at the redshift of A2218, the overall k-corrections are small. On average R 702 2 r rest ¼ 20:40. For the same reason, the effective radii can be directly compared to the ones measured of Coma galaxies in Gunn r. The mean surface brightness within r e is: km r l e ¼ r rest 1 2:5 logð2pÞ 1 5 logðr e Þ 2 10 logð1 1 zÞ; Compared to the data given by JFHD, our measurements are almost identical to theirs. For this comparison, we used only their HST-based sample. There are 15 galaxies in common with respect to the structural parameters and the largest deviations in km r l e for these are only 3-6 per cent in four galaxies (the cD and #1454, #1552 and #1662, where # indicates the ID number). These deviations may be a result of residual background light from nearby bright galaxies (#1552 and #1662 are close to the cD, #1454 close to the giant elliptical #1437). For the remainder of the galaxies we summarize the comparison in Table 1 . This table also contains the estimated total (random and systematic) errors of the parameters. While there are 15 galaxies available between our sample and that from JFHD to compare structural parameters, there are only six for which a similar spectroscopic comparison is possible.
WHT/LDSS2 multi-object spectroscopy

Sample selection
The aim of the project is to study the stellar populations of a large sample of early-type cluster galaxies spanning a wide range in luminosity. However, owing to the need for good sky subtraction in our spectra, we were constrained to include only around 20 galaxies in each mask. For this reason we took great care to select only galaxies which were likely to be cluster members based upon their broad-band colours from our ground-based UBVI imaging.
Using the existing redshift catalogue for the field (Le Borgne et al. 1992), we defined a region in UBVI colour space which was occupied by cluster members. Galaxies falling outside the colour region, defined as 2:60 , ðB 2 IÞ , 3:20, 20:50 , ðB 2 VÞ , 0:50 and 20:10 , ðU 2 BÞ , 0:50, were rejected (see Fig. 1 for example). The width of this region places negligible restrictions on the stellar populations of the selected galaxies, but rejects the majority of background galaxies. Combined with the richness of the cluster, this ensured a high rate of success in targeting cluster members in our spectroscopic sample (1 non-member out of 49 targets). The colour-selected sample of galaxies includes 138 galaxies with I tot , 18:8 (our adopted magnitude limit) within the 9:7 Â 9:7 arcmin 2 area covered by the Hale images. This catalogue was then used as the input for mask design. We prepared two masks containing galaxies with an average I-band surface brightness within the spectroscopic slit brighter than m I ¼ 19:7 mag arcsec 22 . A third mask contained galaxies as faint as m I ¼ 20:2 mag arcsec 22 . Dividing the galaxies between the masks in this way enabled exposure times to be chosen to ensure that similar S/N was obtained in each spectrum.
The position angles of the masks were chosen so as to maximize the number of galaxies with early-type morphologies (E-S0-Sa) selected within the HST field. Galaxies were allocated to slits manually. With few exceptions, a minimum slit length of 15 arcsec was used, and the position of the slit was also chosen so that fainter companion galaxies did not obscure the sky. Occasionally, the choice of either of two galaxies made the packing of the mask equally efficient. In this situation, we preferred galaxies for which a redshift was already known.
Observations
During the nights of 1997 June 2-5, we obtained multi-object spectroscopy using LDSS2 (Allington-Smith et al. 1994 ) at the WHT. To obtain high-quality spectra for the faint galaxies in A2218 at z ¼ 0:18, we designed a new high dispersion grism optimized for red wavelengths. The existing LDSS2 highdispersion blue grism has relatively low throughput in the wavelength range of interest here ðll ¼ 6000-7000 AÞ. More critically, the undeviated central wavelength of this grism is 4200 Å , this severely limits the field of view that can be obtained because of the large deviation of the redder wavelengths which cause them to fall at the extreme edge of the detector.
The new high-dispersion red grism, R640, consists of a 600 lines mm 21 , 348-blaze angle transmission grating coupled to a 32.78 Schott SF10 high refractive index prism. This combination achieves an undeviated central wavelength of 6500 Å , allowing the whole of the field of view to be used to select galaxies. The intrinsic dispersion of the SF10 glass also helps boost the dispersion of the grism by <8 per cent providing a measured dispersion of 2.1 Å pixel 21 with the SITe CCD (24-mm pixels, with a spatial resolution of 0.59 arcmin pixel 21 ). The peak efficiency of the grism, <55 per cent, represents a gain of almost a factor of two in the ll ¼ 6000-7000
A region over that available from the highdispersion blue grism.
With a slit width of 1.5 arcsec, the R640 grism provides a limiting spectral resolution element of 4.6 Å FWHM. This allows us to measure velocity dispersions for galaxies as low as <120 km s
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, at which point the intrinsic and instrumental broadening of the spectra are equal. Observing with the S1 3750 blocking filter the total rest-frame wavelength range covered by the SITe CCD was ll < 4900-6400
A, encompassing the important absorption lines Hg, Hb, Mg b and Fe5270 at the cluster redshift.
The three masks were observed with total exposure times of about 5 h each (Table 2 ). Of the 61 galaxy spectra, 12 galaxies were included on two different masks to allow us to check for systematic variations between the results from the various masks. There is only one foreground galaxy (#2302, only 10 000 km s 21 away from A2218) which demonstrates the efficiency of our sample selection. In total, therefore, we obtained spectra of 48 different cluster galaxies, of which 19 lie within the HST image. They were morphologically classified visually by Professor W. Couch, who classifies them as 8 E, 1 E/S0, 5 S0, 3 SB0/a, 1 Sa and 1 Sab (see Table B1 ), hence galaxies with discs make up 50 per cent of our HST sample. In addition, five of the galaxies outside the HST field have clear evidence for a disc component (see Table C1 ), but the modest seeing (0.95 arcsec in I ) of our ground-based images prevents us from classifying them in more detail.
Reduction and analysis of the spectra
The spectral reduction was undertaken using MIDAS with our own FORTRAN routines and followed the standard procedure, including correction for S-distortions of the spectra closest to the edges of the field. The individual 2D images of the slitlets were extracted from the whole frame (after bias subtraction) and reduced individually. Dome flat-fields were used to correct for pixel-to-pixel variation, cosmic rays were removed by a k-s clipping algorithm with a 5 Â 5 pixel filter and bad columns were cleaned by interpolating adjacent columns (there were 0-5 bad columns per slitlet). The rectification was achieved by tracing the spectral profiles and then shifting the pixels in the spatial direction. This transformation was applied in the same manner to the science, calibration and sky flat images. After sky flat-fielding, to correct for illumination effects, the spectra were wavelength calibrated and the sky was subtracted by modelling each CCD column separately. One-dimensional spectra were extracted using the Horne algorithm (Horne 1986) , which optimally weights the extracted profile to maximize the S/N. Finally, the one-dimensional spectra were rebinned to logarithmic wavelength steps in preparation for the Fourier Correlation Quotient (FCQ) determination of the velocity dispersion and the measurement of absorption line strengths.
Spectra of standard stars were reduced in a similar manner. A spectrophotometric flux standard (BD 128 4211) was observed through an acquisition star hole in one mask. Template G and K giant stars (HD 102494, HD 107328, HD 126778, HD 132737 and HD 184275) were observed through a long slit using the same grism as for the galaxies. To minimize the effect of the possible Figure 1 . The ðB 2 IÞ-I colour magnitude diagram from our Hale imaging for bright galaxies lying in a 9:7 Â 9:7 arcmin 2 (2.2 Mpc) region centered on A2218. The sequence of red cluster members is readily seen extending down to I , 22 ðM B , 217Þ. The box encompasses galaxies matching our selection criteria, while circles denote those galaxies which were actually observed. variation in slit width the star spectra were summed over a small number of rows. The velocity dispersions (as well as the radial velocities) were determined using the latest version of the FCQ program kindly provided by Professor R. Bender (see Bender 1990 ). The wavelength range analysed ðll ¼ 5943-6279 AÞ was centred on the Mg b feature and lies between two very strong telluric emission lines. The resulting dispersions cannot be interpreted simply, because the slitlets had small variations in width and were therefore not identical in width to the long slit. We applied a procedure to correct for this. FCQ was run on all galaxies to give a s fcq for each of the five template stars. Separately we computed the width of the autocorrelation function of each star, s star , and added this in quadrature to estimate the total line width of the galaxy absorption lines using each template: s tot ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi s 2 fcq 1 s 2 star q . We determined the final value of the stellar velocity dispersion by taking the median value of these five measurements, s tot , and subtracting from it (in quadrature) the instrumental dispersion, s inst i.e. s gal ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi s 2 tot 2 s 2 inst p . The instrumental dispersion is determined using eight unblended emission lines in the arc spectrum, from the appropriate slitlet, to evaluate the width of an arc line at the position of Mg b in the redshifted galaxy spectrum. All the values of s gal are given in Table C1 together with the heliocentric radial velocities v rad .
For comparison, velocity dispersions of all galaxies of one mask were also measured using the IRAF package FXCOR yielding an average difference of only 28 km s 21 . We also compare our velocity dispersion results with those of early-type galaxies in common with JFHD (see Table 3 ). The median difference in s gal is 22 km s 21 or 10 per cent. The absorption indices were measured on the Lick system (Faber et al. 1985) . Our spectra were first degraded to the resolution of the Lick system. The indices were then corrected for the velocity broadening s gal (a few example spectra are shown in Fig. C1 ). Because the equivalent widths are determined with respect to a local continuum, flux calibration has little effect on the (atomic) absorption line strengths (for example, the average difference in Mg b is 20.014 Å , which is about 10 per cent of the typical error). Nevertheless, we present in Table C1 the line strengths of Hb and Mg b measured from the flux-calibrated spectra (values of other indices may be requested from the first author). We calibrated the data using standard stars in common with the EFAR studies (Colless et al. 1999 ). These showed a scatter around zero, with s ¼^0:1
A for Mg b and hence no recalibration was applied to the index strengths to place them on the Lick system.
The absorption of the iron lines Fe5270 and Fe5335 could not be derived reliably for the majority of the galaxies because the red continuum band of Fe5270 is contaminated the [O I] telluric emission line at l ¼ 6296
A. The Fe5335 line is also redshifted into this sky line, so that this absorption feature cannot be measured. The same problem also arises for the red continuum window of Mg 2 .
From the repeat observation of 12 galaxies on different masks we are able to confirm the internal reliability of our spectral analysis. As an example we show two independent spectra of galaxy #786 in Fig. 2 , indicating that the continuum as well as the Hb and Mg b indices are well matched. If we take all 12 comparison spectra regardless of their S/N we find median offsets for the Hb and Mg b line indices and velocity dispersion, s, at the ,10 per cent level.
T H E L O C A L C O M PA R I S O N S A M P L E 3.1 Photometry and structural parameters
The Coma cluster provides a good local reference as it represents the best-studied rich local cluster, albeit less rich than A2218. We take data on early-type galaxies in the cluster from Jørgensen (1999) and Jørgensen, Franx & Kjaergaard (1995a) . Their galaxy photometry was taken through the Gunn r filter, then corrected for extinction and cosmic expansion. The combined sample contains 115 early-type galaxies (35 E, 55 S0 and 25 intermediate types) and is 93 per cent complete at absolute magnitudes M r , 220:35.
Velocity dispersions
The spectroscopic data in Jørgensen (1999) and Jørgensen, Franx & Kjaergaard (1995b) were aperture-corrected by the authors to match a circular aperture with radius 1.7 arcsec. Therefore, we corrected our velocity dispersion (s ) determinations by Dðlog sÞ ¼ 10:025 to match the Coma aperture. The aperture correction was computed from the logarithmic gradient given by Jørgensen et al. (1995b) where d is the angular distance and a is the aperture radius. For our observations, a was taken as the harmonic mean of the slit width of 1.7 arcsec and the weighted number of rows (an average of 4.7 pixels, or 2.8 arcsec) over which the spectra were integrated by the Horne algorithm.
Line indices
The best available sample of line indices for local early-type galaxies comes from the SMAC collaboration . We use this data set therefore as the primary comparison source for our line-index analyses. While the SMAC sample includes galaxies from lower density regions (such as the Virgo cluster), about half of the data set comes from the Coma cluster. We chose not to use line indices from Jørgensen (1999) because the Hb absorption strengths are not compatible with the higher S/N observations of Kuntschner et al. (2001) (see fig. 1 of that paper). The Mg equivalent widths of the A2218 galaxies were aperture corrected according to the same prescription given by Jørgensen et al. (1995b) as for the velocity dispersions. For the conversion between Mg 2 and Mg b we follow Ziegler & Bender (1997) and adopt a factor of 15. This leads to a coefficient of 0.6 (instead of 0.04) in equation (9), resulting in a mean aperture correction of DðMg b Þ ¼ 10:37 A for the A2218 galaxies. We did not correct the Hb line strengths for aperture effects because no significant radial dependence of this index is found in local galaxies (Mehlert et al. 2000) .
R E S U LT S
Comparison with local data
We begin by explaining the symbols used in the figures on which the following discussion is based. In all subsequent figures, large symbols are galaxies in A2218, while small boxes represent the local reference sample. Galaxies classified morphologically as S0 or early-type spiral galaxies (from the A2218 HST field) as well as five galaxies that clearly exhibit discs in the ground-based images are shown by filled symbols. In Section 4.3, we will divide the full A2218 sample radially into two subsamples with equal numbers of galaxies. The core region (all galaxies within 130 arcmin from the cluster centre) overlaps with the HST field (providing morphological classifications) and we show these galaxies as circles. Galaxies in the outer region (triangles) may contain small discs which can not be detected on the ground-based images. We fit both the distant and the local sample only within the region shown by horizontal and/or vertical dotted lines in the plots, which represent the selection boundaries for the A2218 data.
For linear fits to the relations we use the bisector method, which is a combination of two least-square fits with the dependent and independent variable interchanged. Errors on the bisector fits were determined by bootstrap resampling the data 100 times. The shaded area in each figure illustrates the possible slopes within thê 1s bounds on the mean slope of the A2218 sample, whereas the two solid lines indicate the same range for the local comparison data. All fit results are given in Table D1 in the Appendix.
Faber -Jackson relation
The Faber -Jackson relation in A2218 is compared to the Coma sample of Jørgensen et al. (1995b) in Fig. 3 . As a result of the lookback time to A2218, we should expect galaxies in this cluster to be brighter than their counterparts in Coma at a given velocity dispersion. If we assume that cluster galaxies are formed at z f ¼ 2, passive evolution would increase their brightness by 0.19 mag (Bruzual & Charlot 1993) . The observed change in absolute magnitude is 0:30^0:09 mag, which is compatible with the theoretical prediction. With 48 galaxies in A2218 covering velocity dispersions down to 105 km s 21 , we are also able to investigate the evolution in the slope of the FJR. The slope of the Coma data is steeper than that in A2218 (a difference of 1:7^1:1Þ but the offset has low statistical significance, and depends on the boundaries used to define the Coma galaxy sample. Thus there is only weak evidence from this plot for differential evolution of massive and less-massive earlytype galaxies. It is worth noting, however, that the A2218 data may also have larger scatter than that of the Coma sample. This may indicate a wider range of recent star formation histories of galaxies in the A2218 cluster, an issue to which we will return in the following sections.
Looking at the individual galaxies in A2218, one in particular stands out: #1662 (marked with a cross in Fig. 3 ). This galaxy has a higher velocity dispersion than the cD galaxy (as measured by JFHD), it is located close to the cD and shows moderately high ellipticity, a positive a4 coefficient and some asymmetry in the HST image (see Fig. B1 ). We confirmed that there was no other galaxies on the slit, and splitting the spectroscopic exposures into two independent halves we find roughly equal and high values of s. The origin of this galaxy is puzzling: it could perhaps be the Figure 3 . The Faber -Jackson relation (velocity dispersion versus total restframe Gunn r magnitude) for the galaxies in A2218 (large symbols), compared to Coma early-type galaxies (small open boxes; Jørgensen et al. 1995 Jørgensen et al. , 1999 stripped core of a massive galaxy, although it is hard to understand why the parent galaxy would have been susceptible to stripping if it were as large as suggested by the dispersion.
Line index analysis
Overall, the distribution of A2218 galaxies in the Mg b -s plane is quite similar to that of local early-type galaxies in the SMAC sample (see Fig. 4 ). However, two galaxies in A2218 (#299 and #665) stand out as peculiar, having low Mg b line strengths for their s values. #299 has a strong Hb absorption so that it may be a poststarburst (k 1 a or E 1 A) galaxy, while #665 has an average Hb value. It is not possible to detect any stellar disc in either #299 or #665 in the ground-based images, but both galaxies are very blue in ðU 2 VÞ compared to the luminosity-corrected mean colourmagnitude relation of the total sample (this is also true for #704 and #1605 which have high Hb absorption) perhaps indicating some recent star formation activity. The galaxy with the highest s (#1662, marked with a cross in Fig. 4 ) has a Mg b line strength which is compatible with the Mg b -s relation of the other A2218 galaxies.
Whether or not we excluded the galaxies #299 and #665 from the bootstrap bisector fits, the slopes for the A2218 and local samples are consistent ðDslope ¼ 0:18^0:58 with these galaxies included; Dslope ¼ 20:26^0:48 with these galaxies excluded). The offset between the two samples is more dependent on whether these galaxies are included, since they tend to reduce the average Mg b absorption ðDZP ¼ 20:061^0:074
A with the galaxies included; DZP ¼ 20:004^0:072
A with the galaxies excluded). We can compare this shift with that expected to result from the passive evolution of the galaxy population by adopting a formation redshift. For z f ¼ 2, we expect a change DZP ¼ 20:19 A (assuming a typical [Fe/H] of 0.25 for the sample, see Ziegler & Bender 1997 ). Since we see a significantly smaller offset, the average galaxy must have been formed at a considerably earlier time. However, if we exclude the galaxies #299 and #665 we may well be removing exactly those galaxies which are showing evolutionary differences. Including these galaxies and allowing for a systematic offset of 0.1 in the relative calibration of the spectral index would reduce the difference to within the statistical uncertainty of our fiducial model.
As the Hb line index is more age sensitive, but less dependent on metallicity than Mg b , we explore the age/metallicity spread of the A2218 galaxies in more detail in Figs 5 and 6. The distribution within the Hb -s plane is broad. In particular, the large scatter of the fainter galaxies in Hb indicates a wide range of star formation histories. The more massive galaxies in A2218 have on average higher Hb absorption than galaxies in the SMAC sample with the same velocity dispersion. This is illustrated in Fig. 5 by calculating the median Hb aborption in five bins (medians for each sample are indicated in Fig. 5 by solid and dotted horizontal bars respectively). Although there is a trend for Hb to increase with decreasing velocity dispersion, this effect is complicated by the systematic variation in metal abundance with velocity dispersion. We return to this issue below, and first concentrate on the offset of the brighter galaxies. Comparing the four brightest bins, the offset is < 0:35^0:1 A. We are confident that this systematic offset cannot be produced by calibration errors since our systematic errors are less than 0.1 Å .
In order to interpret this difference, we compare the absolute values of the Hb index with the Worthey model (Worthey 1994) , and also in a relative sense only. The absolute values of the index suggests that galaxies in the SMAC sample have luminosityweighted ages for their stellar populations of 8 Gyr, while A2218 galaxies are much younger, with luminosity-weighted ages of only 4 Gyr (compare with Fig. 6 ). However, the absolute calibration of the model is uncertain. A more reliable approach is to compare the difference in absorption line strength with that expected from the difference in lookback time. The expected difference in Hb line strength for a single population formed at z f ¼ 2, observed at z ¼ 0:17 and the present day, is 0.14 Å . This is less than the observed shift, although the two values could be reconciled if we include both the maximum systematic uncertainty of 0.1 Å in the index calibration and the statistical uncertainty. Nevertheless, it is interesting to note that the pressure from the Hb index introduces more recent star formation, while the pressure from the Mg b observations is to make the galaxies older. It is unlikely that this conflict arises from our use of a single age stellar population to interpret the differences, as the intermediate age population will have similar effects on both indices.
Exploring the distribution of A2218 galaxies between age and metallicity using line diagnostic diagrams has the advantage over the Mg b -s and Hb -s diagrams, in that it does not rely on assuming a universal metal abundance -velocity dispersion relation before we can extract any information on the ages of the stellar populations. We use the Mg b -Hb diagram, Fig. 6 , rather than the combined [MgFe] index, because we were unable to derive reliable Fe indices for all our galaxies. The Mg b -Hb correlation has the drawback that the models based on solar abundance ratios do not match the Mg/Fe ratio observed in early-type galaxies (Thomas, Greggio & Bender 1999) . However, we are primarily interested in the relative ages of galaxies, so we can apply an empirical relationship between Mg b and [MgFe] from the SMAC data to the model grid of Worthey (1994) : Mg b ¼ ½MgFe Â 1:58 2 1:20, to transform it to the relevant observables. While ages derived from this grid are clearly uncertain in an absolute sense, this approach allows us to quantify the relative offsets between the data.
The bulk of the A2218 galaxy population show systematically younger ages at a fixed metallicity compared to the SMAC galaxies (Fig. 6) . This contributes to a deficit of A2218 galaxies in the lower right-hand corner of the plot compared to the SMAC sample. There is also a systematic shift between the two samples that is driven by the Hb index. The magnitude of the offset is larger than that expected for the look-back time to A2218, if the galaxies form all their stars at redshifts above two, as we have discussed previously. As the velocity dispersions of the galaxies are not directly visible in this diagram, the comparison suggests that the evolution of Mg b and Hb are consistent; it only becomes evident from comparing the distribution of galaxies in Figs 4 and 5 that the SMAC sample contains a higher proportion of high velocity dispersion galaxies. Thus, while galaxies in A2218 occupy a large region of the available parameter space in Fig. 6 and appear to be more diverse than the SMAC population, the result is not conclusive because low-s galaxies, which in general show a wider range in Hb, are under-represented in the SMAC sample.
A few galaxies in A2218 are exceptions to the general distribution, having Hb as low as galaxies in the SMAC data set. We have searched for emission in these galaxies, which might fill in the Hb line, but find none. In contrast, galaxy #2304 has very strong Balmer absorption in Hb and also in the Hg and Hg A indices. This galaxy has clearly undergone a starburst in the recent past, and is an example of the post-starburst galaxies frequently identified in lower resolution studies of more distant clusters (e.g. Poggianti et al. 1999 ).
Fundamental plane
Another probe of the star formation histories of galaxies is the stellar mass-to-light ratio. We can investigate the FP of A2218, restricting the analysis to those galaxies within the HST field where accurate measurements of the structural parameters are possible. In Fig. 7 , we present the FP and compare the distant galaxies to the Coma sample of Jørgensen et al. (1995a Jørgensen et al. ( , 1996 . The scatter around the FP of A2218 is with 0.108 in log(R e ). This is very similar to the scatter seen in Coma, 0.096, as is the distribution of the galaxies across the surface of the plane (inset panel in Fig. 7) . The average brightening of the A2218 early-type galaxies can be investigated by assuming that there is no evolution in the structure of the galaxies (i.e. R e and s remain fixed). In this case the evolution of the zero-point of the relation measures the increase in brightness. Jørgensen et al. 1995a; Jørgensen 1999) . Lines as in Fig. 3 . The HST F702W photometry was transformed to restframe Gunn r rest magnitudes as described in Section 2.2.2. The full diagram shows the edge-on view, while the inset shows the FP face-on (using the same symbols). The abscissa is ð2:21 logðR e Þ 2 0:82 logkIl e 1 1:24 log sÞ=2:66; ordinate ð1:24 logkIl e 1 0:82 log sÞ=1:49. The dotted line indicates the 'exclusion zone' for nearby galaxies, the dashed line the magnitude completeness limit for the Coma sample. The zero-point offset is 0:067^0:023 mag, consistent with a z f ¼ 2 passive evolution model which predicts a shift of 0.10 mag.
To cast this discussion in terms of mass-to-light ratios (Fig. 8 ) we calculated the masses of the galaxies following JFHD: M ¼ 5R e s 2 /G, based on Bender et al. (1992) . 3 We limited the Coma sample to galaxies with log s $ 2:02 (dotted line in Fig. 8 ) in order to match the area of parameter space covered by the A2218 galaxies. The bootstrap bisector fits to M/ L ¼ as m show compatible M/L slopes ðDm ¼ 0:34^0:20Þ but a systematic offset in the zero point of the relation, Da ¼ 0:080^0:026. This is consistent with the expected change resulting from passive evolution: Da ¼ 0:12.
In their M/L analysis, JFHD find a substantial evolution in the slope of this relation. While their Coma value ðm ¼ 0:66^0:13Þ is much flatter than the slope for their five intermediate redshift clusters ðm ¼ 1:49^0:29 including A2218), the slopes we determine for Coma and A2218 are both compatible (and similar to that found for their intermediate redshift clusters by JFHD). The difference between our estimate of the Coma slope and that from JFHD must result from the different fitting methods applied, in particular our exclusion of the lowest velocity dispersion galaxies.
Finally, we note that we have searched for a trend in Hb line strength with M/ L, but did not find one. Thus the naive expectation that a recent star formation event would equally effect the brightness and Balmer line strength of a galaxy is not apparent in our data set.
Summary and discussion
The overall result from the comparison of bright galaxies in A2218 and the local reference cluster, Coma, is that the galaxy population has evolved little between z ¼ 0:18 and the present day. This is consistent with an early formation epoch for the bulk of their stellar populations. The distribution of the galaxies in the Mg b -s plane and on the Faber -Jackson relation is almost identical in the two clusters. Weak evolution of bright galaxies in clusters sets strong limits on their formation epoch, as has been discussed extensively for the Mg -s relation (Ziegler & Bender 1997 ) and the Fundamental Plane at intermediate redshifts (e.g. Bender et al. 1998; Jørgensen 1999) , and even out to z , 1 (e.g. van Dokkum et al. 1998b ). The changes we see in the dynamical relations for bright galaxies reinforces the conclusions of these authors. However, we are also in a position to address the ages of stellar populations directly using the age sensitive Hb line index.
In the Hb -s diagram (Fig. 5) , the distant galaxies cover a wide range in Hb, indicative of differences in the stellar populations. The low-dispersion galaxies have the greatest range of Hb line strengths. Some of these galaxies clearly had extended star formation activity at a low level, or recent episodes of minor star formation involving a few per cent of the total mass. Although the expected increase in luminosity is less visible in the FJ and FP relations, this is in line with the study of Ziegler et al. (1999) . These authors have investigated the Kormendy relation (the photometric projection of the FP) of five distant clusters and concluded that current accuracy of photometric data (even from HST ) is not high enough to exclude low-level star formation activity in early-type galaxies.
Comparing the Hb -Mg b measurements with models, we find that the bulk of A2218 galaxies have younger luminosity-weighted ages than nearby galaxies, as expected from the look-back time to z ¼ 0:18. The lower luminosity galaxies exhibit a wider range of stellar ages and metallicities. This tendency for lower luminosity galaxies to be less homogeneous is consistent with the expectation of models of the Butcher -Oemler effect in distant clusters Poggianti et al. 1999; Kodama & Bower 2001; Smail et al. 2001 ). In the scenarios presented by these authors, the blue, star-forming galaxies responsible for the Butcher -Oemler effect are expected to undergo significant fading of their stellar populations when star formation ceases, as well as perhaps suffering more active stripping of stars by dynamical processes within the clusters Poggianti et al. 1999) . For these reasons the evolved descendants of the Butcher -Oemler galaxies will on average be found in the lower luminosity galaxy population at lower redshifts. Equivalently, the lower luminosity galaxies will show a wider range in their previous star formation histories and our observations tend to support this suggestion.
E vs S0 Comparison
Based on morphologies determined from HST/WFPC2 images, Dressler et al. (1997) have shown that distant rich clusters contain a greater fraction of spiral galaxies and a correspondingly smaller fraction of S0 galaxies than similar local clusters. Over the redshift range 0-0:5, the S0 fraction decreases from 60 per cent locally to 10-20 per cent in the higher redshift clusters. In contrast, it appears that the elliptical galaxy fraction remained relatively constant over the last 5 Gyr. The different evolutionary histories of these populations might be detectable at z < 0:2, even though the properties of E and S0 galaxies are very similar in the nearby Universe (e.g. Bender et al. 1992; Bender et al. 1993; Saglia, Bender & Dressler 1993) . In an attempt to uncover such evidence, Jones et al. (2000) have analysed the combined spectra of E and S0 galaxies in three clusters at z ¼ 0:31. Surprisingly they found no significant difference between the stellar populations in the two classes of galaxies. We repeat this test here, exploiting the fact that our spectra have higher S/N allowing us to search for differences between individual galaxies, rather than having to look at the average galaxy population.
In Figs 3 -8 , we have distinguished between elliptical galaxies and those that have been morphologically classified as S0 or earlytype spirals from the HST imaging (see Table B1 ), or that show a strong disc component clearly visible in the ground-based images (see Table C1 ). We will now discuss the differences between these two populations (in the following we refer to them as 'ellipticals', or Es, and 'lenticulars', or S0s, respectively) as exhibited in those figures.
Faber-Jackson relation
We begin by comparing the FJR (Fig. 3) . As the E and S0 subsamples have similar distributions in log s, the twodimensional Kolmogorov -Smirnov test provides a good measure of the consistency of the two populations. Applying the KS test yields a probability of p ¼ 0:66 that the two distributions are similar. The bootstrap-bisector fits to the E and S0 sample finds a steeper slope for the S0 galaxies, but at the <1s level (see Table  D1 ). There is no significant difference in the overall distribution of the two classes. Models in which most of the S0 galaxies are produced by major mergers involving starbursts in the recent past are inconsistent with these observations, because they predict that the merger remnant will have a higher blue luminosity up to several Gyr after the burst event and have an increased s as well. In contrast, the data are compatible with less extreme truncation models in which the cluster environment suppresses star formation rate in normal spirals (e.g. Larson, Tinsley & Caldwell 1980; Poggianti et al. 1999; Balogh et al. 1999 ).
Line index analysis
The distributions of E and S0 galaxies in A2218 also appear very similar in the Mg b -s diagram (Fig. 4) . A KS test finds no significant differences ðp ¼ 0:61Þ, and the bootstrap-bisector fits are compatible (Table D1 ). This remains true even if the sample is restricted to HST classifications. We see a similar picture in the Mg b -Hb diagram (Fig. 6 ). The galaxies with strong discs in A2218 are again distributed similarly to those galaxies without discs (KS: p ¼ 0:62Þ.
Our analysis of the individual galaxies in A2218 supports the results for the stellar populations in the composite, luminous elliptical and S0 populations in clusters at z ¼ 0:31 from Jones et al. (2000) . In both cases there appears to be little evidence for differences between the stellar populations of the two samples. This points to a common formation epoch for the bulk of the stars in most of the early-type galaxies in A2218. Naively, this appears to be at odds with the strong morphological evolution of cluster galaxies reported by Dressler et al. (1997) . However, the two findings can be reconciled with each other if the suggested transformation from spirals to lenticulars does not involve significant new star formation. The line indices are clearly sensitive to both the strength of any past star formation event and the time which has elapsed since the last star formation. Any model for the formation of S0 galaxies which predicts a low enough ratio of these two parameters is viable (Poggianti et al. 1999; .
Fundamental plane
The HST sample of twenty A2218 galaxies is split morphologically almost evenly between elliptical and early-type disc galaxies (see Section 2.3.2). These two subsamples are equally distributed across the surface of the plane so that the edge-on projection can be used to reliably compare their stellar populations. Both subsamples have lower scatters than the combined sample: 0.077 in log r e for the nine Es and 0.091 for the 11 S0s, compared to 0.108 for all galaxies. The lenticulars lie predominantly below the E galaxies with an average offset of 0:11^0:05 for almost identical slopes. However, this need not reflect an evolutionary trend in the stellar populations of E vs S0 galaxies. Saglia et al. (1993) have reported a similar offset in galaxies in local clusters. The offset may simply be caused by the way R e and kIl e are interrelated, resulting in a slightly higher surface brightness for the disc galaxies at a given certain velocity dispersion and effective radius.
Discussion
At low redshift, E and S0 galaxies have similar stellar populations (e.g. Bender et al. 1992 Bender et al. , 1993 with only the highest S/N line index analyses begining to show a distinction in the star formation histories of the two types. For example, Kuntscher (2000) found that the faint S0 in the Fornax cluster tended to have younger ages relative to the (typically more luminous) elliptical galaxies in the cluster. However, these differences might reflect the mass dependence of star formation history, because the majority of the S0 galaxies in Kuntschner's sample were systematically fainter than the Fornax ellipticals. The two brightest and most massive S0 galaxies were found to have similar star formation histories to the ellipticals.
At intermediate redshift we should expect the differences between E and S0 galaxies to become more apparent, particularly if the morphological mix of the cluster population evolves rapidly with look-back time . However, our data suggest that the stellar populations in ellipticals and lenticulars are very similar on average, although individual galaxies introduce large variations in galaxy properties of both E and S0 populations. There is little systematic difference between the two samples in the Hb line index diagram or around the Mg b -s relation. In terms of the line index analysis, both E and S0 galaxies exhibit a similarly large range of ages. In our sample these galaxies span a similar range of velocity dispersion, so that the importance of mass and morphology can be distinguished: velocity dispersion (or mass) seems to play a much more prominent role in determining the stellar population of a galaxy than morphology alone.
Although ellipticals and lenticulars are similarly distributed within the Fundamental Plane, the smaller S0 galaxies with lower velocity dispersions are slightly offset from the average edge-on FP and have smaller M/ L values than the bulk of the ellipticals. This may arise from either a somewhat increased luminosity (although the line index analysis seems to preclude this) or from differences in the dynamics which would produce a different relationship between mass, s and R e for ellipticals and S0s.
Radial dependence
Several authors have reported variations in the properties of cluster galaxies with their distance from the cluster core. Abraham et al. (1996 ), van Dokkum et al. (1998a and Pimbblet et al. (in preparation) have found a radial dependence of the colourmagnitude relation. Clearly, such studies need to be carefully controlled in order to take into account the density -morphology relation that is well known in both local and distant clusters
The early-type galaxy population in Abell 2218 1581 q 2001 RAS, MNRAS 325, 1571-1590 . In order to explore any dependence on cluster radius within our data set, we subdivide our sample into two radial bins (at r ¼ 130 arcminÞ, such that they contain equal numbers of galaxies. The average projected radius of galaxies in the outer bin is 230 arcsec (805 kpc) compared with 70 arcsec (245 kpc) for galaxies in the core region.
Faber -Jackson relation
The central and outer galaxies have differing mean velocity dispersions ðlog s ¼ 2:30 and 2.17 respectively) and hence the two-dimensional KS test is not the appropriate statistical method to compare these subsamples. Therefore, we restrict our comparison to the bootstrap-bisector fits. The slope for the galaxies in the outskirts is shallower than the one for the core galaxies ðDslope ¼ 1:16^1:17Þ, but not significantly. The difference in mean luminosity is negligible.
Line index analysis
We find that the inner and outer subsamples are equally distributed around the Mg b -s fit ðDslope ¼ 0:35^0:77Þ. The median values of the two data sets fall within the range of fits for the joint sample in Fig. 4 revealing again the universality of the Mg b -s relation.
The bulk of the core galaxies occupy a small region within the Mg b -Hb plane, corresponding to a relatively narrow range of model ages and metallicities, with the remainder spread over a wider region of the plane. The galaxies located in the outskirts of the cluster, on the other hand, show a larger spread with both highand low-Hb values and lower Mg b line strengths (Fig. 6) . As a result of the systematic difference in velocity dispersion, it is hard to directly compare the distribution on a statistical basis. et al. (1996) have analysed the colours of galaxies in the A2390 cluster. They found a systematic trend in the colourmagnitude relation for galaxies to become bluer in the outer parts of the cluster, outside <1 Mpc (see also Pimbblet et al, in preparation). They interpreted this as a gradient in the age of the early-type galaxies in the cluster. Similarly, van Dokkum et al. (1998a) studied the colours of discy galaxies in the z ¼ 0:33 cluster Cl 1358162 and reported a tendency for discy galaxies to have increasingly younger ages beyond a radius of 0:7 h 21 50 Mpc. However, the change in the colours of galaxies with radial distance might well be driven by the morphology -density relation: at larger radius a greater fraction of the galaxy population will be late-type spirals, and it may be this (rather than a blueing of the colours of galaxies of a particular morphology) that drives the radial dependence seen by van Dokkum et al. (1998a) . At some level, the difference between a discy, but bulge-strong, galaxy (e.g. Sa) and a 'pure' lenticular is unimportant (for example, if we are testing the formation and evolution of the stellar population). However, the morphological information can be used to tie together galaxies in a likely evolutionary sequence, for example linking spiral galaxies in the outer parts of the cluster to the formation of S0 galaxies.
Discussion
Abraham
In our study we sample galaxies over a similar radius to that used in the colour-based work, although good morphological imaging is only available for the core region. Overall there appears to be little difference between the radial subsamples, with both outer and inner regions having galaxies with a wide range of stellar ages in the Hb diagram, for example. Thus old galaxies seem to be distributed throughout the cluster and not only limited to the centre. These results are inconsistent with a simple model in which the cluster grows a series of onion shells, with the oldest galaxies being confined to the most bound orbits and the most recently accreted galaxies are confined to orbits which tend to keep them away from the core. However, numerical simulations have shown that this picture is naive and that cluster populations become mixed quite effectively over a period of only a few dynamical times (Balogh et al. 1999) , particularly if the cluster goes through a significant merging event. Thus the infall model cannot be ruled out by this study because of the limited range of radii that we have covered. In order to make a definitive test of this model, spectra will need to be obtained for galaxies out to 2-3 virial radii.
S U M M A RY A N D C O N C L U S I O N S
We have found the following.
(i) The FJ and Mg-s relations have similar slopes to those seen in Coma. The offset between the relations is small but is consistent with the difference in look-back time between the clusters if the light of the galaxies are dominated by stars formed at z f . 2.
(ii) The age-sensitive Hb index provides an alternative means to compare the stellar populations of galaxies in A2218 with local systems. We find larger differences than for the FJ and Mg-s relations, implying contamination by more recent star formation in some galaxies.
(iii) The Hb index also shows a large variation between galaxies, with both E and S0 galaxies spanning a wide range in line strengths. The youngest galaxies are usually systems with lower velocity dispersion.
(iv) The distributions of E and S0 galaxies in age and metallicity as seen in the Mg b -Hb diagram are quite similar. Thus, S0 galaxies are not restricted to young ages and/or high metallicities. This suggests that higher metallicities and younger ages are not necessarily conspiring to produce the small scatter observed in colour -magnitude and FP relations of early-type galaxies as was suggested by Trager (1997) and others.
(v) The M/L ratios derived from the Fundamental Plane have a somewhat steeper slope in A2218 than in the Coma cluster, although the effect is weaker than that seen in a composite of intermediate-redshift clusters by JFHD. The increase in the slope of the relation is primarily driven by the disc-type galaxies in A2218, a morphological distinction that is not apparent in the line index diagrams.
(vi) Galaxies in both the central and outer samples span a wide range in ages, showing that the stellar populations are not well correlated with radius. We will revisit this point in our next paper.
These results agree well with the analysis of deep optical and infrared photometry of this cluster presented in Smail et al. 2001 . Both studies find that the overall evolution of the population is consistent with passive stellar evolution, but that faint galaxies show substantially greater diversity in their star formation histories than their bright counterparts.
Our current approach of looking at the stellar populations of intermediate redshift clusters in detail is directly complimentary to the approach taken by Smail et al. (1998) , Kodama & Bower (2001) and others, of linking together the galaxy populations of clusters at different redshifts in an evolutionary sequence. A consensus model is emerging from these studies in which galaxies are continually accreted from the surrounding field, their star formation is strongly suppressed by the cluster and their stellar populations generally age following passive evolutionary tracks.
The diversity of galaxy ages that we have found in this paper arises naturally in such a model. However, the model needs to be developed to account for two features seen in our data. First, the younger galaxies are not uniquely disc (S0) systems, suggesting that the cluster environment must disrupt the disc of the infalling galaxies as well as suppressing star formation. Secondly, old stellar populations dominate in brighter galaxies, suggesting that most of the stars in bright galaxies were already in place at z @ 1 (although not necessarily in a single system): the model must explain why the star formation histories of bright and faint galaxies differ. The key issue is whether the same star formation histories (and their dependence on galaxy mass) hold in groups and lower mass clusters. By investigating a much wider range of environments, we will gain insight into the decline of star formation in clusters, probing whether it is driven by a cluster-specific mechanism (such as ram-pressure stripping, see e.g. Abadi, Moore & Bower 1999; Quillis, Moore & Bower 2000) , or is caused by the decline in the gas reservoir available to galaxies in the Universe as a whole.
We have carried out a similar study to this paper in the cluster Abell 2390 ðz ¼ 0:23Þ. As A2218 is at a similar redshift and both clusters have high X-ray luminosities, we will intercompare these two clusters in a forthcoming paper. For this purpose, we have also expanded our fiducial cosmological model and will present combined analyses of line strength and mass-to-light ratio measurements which attempt to be more independent of such models. Moreover, to further increase the number of cluster galaxies with accurate morphological and structural parameters we will utilize the recently completed wide-field mosaic taken by HST/WFPC2 of A2218. Combining this with our panoramic spectroscopy will yield one of the largest samples for studies of the evolution of the Fundamental Plane. This will allow us to also explore how the large scatter seen in Hb line strengths for galaxies with low-velocity dispersions propagates into the Fundamental Plane.
AC K N OW L E D G M E N T S
We thank Warrick Couch for kindly providing his visual classifications for galaxies in A2218 and Ralf Bender for the latest version of his FCQ programme. We acknowledge the anonymous referee for her/his constructive review of our paper. BLZ and DL acknowledge support from PPARC, RGB from Durham University, IRS from the Royal Society and RLD from the Leverhulme Trust. This paper is based on observations made with the NASA/ESA Hubble Space Telescope which is operated by the Space Telescope Science Institute under NASA contract NAS5 -26555, the William Herschel Telescope, which is operated by the ING on behalf of PPARC and the Hale Telescope of Palomar Observatory, which is owned and operated by Caltech. Figure A2 . 20 Â 20 arcsec 2 sections from the Hale I-band images of each of the spectroscopically confirmed cluster members in our sample. These panels have North top and east left and the contours are in 0.5 mag increments with the faintest contour being m I ¼ 21:5 mag arcsec 22 . The labels give the galaxy ID as listed in Table A1 and where available the morphology from the HST image. Figure B1 . Images of the 19 galaxies in our spectroscopic sample which fall within the HST/WFPC2 field of A2218. Each panel is 20 Â 20 arcsec 2 and is labelled with the galaxy ID and visual morphology from Table B1 . Notes: The galaxy ID can be found in the finding chart (Fig. A1 ) and coordinates are given in Table A1 , log(s a ) is the logarithm of the aperture corrected velocity dispersion (the value for the cD galaxy # 0 was taken from Jørgensen et al. 1999) , R 702 is the extinction-corrected, Vega-based total magnitude in the WFPC2 F702W filter, logkI e l is the mean surface brightness within the effective radius r e (in arcsec) in the I band according to Equation 8, log(R e ) is the logarithm of the effective radius (in kpc), r e,b is the effective radius of the bulge, h is the scale-length of the disc (both in arcsec) and d/b is the luminosity weighted disc-tobulge ratio (see Section 4.1.3 for the derivation). The galaxy types were obtained visually by Professor Couch. Thumbnail images are shown in Fig. B1 .
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The early-type galaxy population in Abell 2218 1587 q 2001 RAS, MNRAS 325, 1571-1590 Figure C1 . A2218 example spectra shown in the observed frame. Spectra were degraded to the Lick resolution for measurement of the indices (for identification, see Fig. 2 ). The left panels show spectra with decreasing S/N (s ) from top to bottom, whereas the right panels show 'peculiar' galaxies (1662: high s, 2270: low Hb, 299: low Mg b ) and the skylines. 
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